Dendritic cells (DC) 1 are class II-positive leukocytes specialized to initiate primary T cell-dependent immune responses (1-3). DC were first identified in lymphoid tissues, and'most of the studies that have unraveled their unique stimulatory capacity for resting T cells used DC isolated from lymphoid organs . New insight into the biology of DC came from studies of murine epidermal Langerhans cells (LC) in vitro (4-14) . These studies suggest that LC in the skin and possibly DC in other nonlymphoid tissues as well represent precursors or immature elements of the DC system (15, 16). Resident LC constitutively express class II MHC antigens, but are only weak stimulators of resting T cells when isolated from the skin. During 2-3 d of bulk epidermal cell (EC) culture, however, LC increase their sensitizing activity for resting T cells 10-30-fold, and come to resemble lymphoid DC in morphology and surface markers as well (4). Granulocyte/macrophage colonystimulating factor (GM-CSF) was identified as the principal mediator of this LC maturation in vitro (6, 7). GM-CSF maintains LC viability and increases function, whereas IL-1 enhances LC function twofold when combined with GM-CSF but does not support viability by itself (7).
TABLE I
Cytokines Tested on Epidermal Langerhans Cells * U/mg unless otherwise stated . is Both rTNFs gave similar results, but t was used in most experiments.
After 72 h nonadherent cells were removed and floated on dense albumin columns as described (4) . The floating fraction contained all the LC at 40-757o purity.
T Cell Proliferative Assays. To test the stimulatory capacity of LC for unprimed T cells, we used the polyclonal response of periodate-modified T cells ("oxidative mitogenesis") and the primary MLR as described (4) . LC were irradiated (900 rad from a' 37Cs source) before addition to the assays . T cells were nylon-wool nonadherent, anti-la/complement-treated spleen and mesenteric lymph node cells, which in part ofthe experiments were further purified by an additional step involving sedimentation in discontinuous Percoll gradients (45-54-6370) (8) in which dead cells and remaining accessory cells floated .
Preparation of Total Cellular RNA from EC. Total cellular RNA was isolated from freshly prepared as well as cultured (3 and 24 h) EC by the guanidinium isothiocyanate/cesium chloride method (24) . Cells in suspension (ti30 x 106) were washed in PBS, centrifuged, and then resuspended in 5 ml of lysis buffer (4 M guanidinium isothiocyanate, 5 mM sodium citrate, 0.570 N-lauroylsarcosine sodium salt, 0.1 M 2-ME) . Adherent cells were first rinsed, and then lysed by adding lysis buffer to the petri dishes. Lysed cells were loaded on a cesium chloride density gradient (1 .5 ml of 5 .7 M cesium chloride, 1 ml each of 40, 30, and 2070 wt/vol cesium chloride), and centrifuged in a Sorvall TH 641 rotor at 36,000 rpm at 18°C Table I <10% (3) Results Murine TNF-ci Supports the Survival ofEnriched LC in Culture. In accordance with previous results we found that enriched LC (>75% by panning or sorting; results were comparable with LC enriched by either method) die when cultured in medium alone, but survive when GM-CSF is included (GM-CSF reached plateau activity at 0.5 ng/ml, and was routinely used at 2.0 ng/ml) (Table II) . When we tested a panel ofadditional cytokines we found that one other cytokine, namely murine TNFa, supported LC viability as well. Maximal activity of murine rTNF-a was reached at 62 U/ml (Table II) . It was, therefore, used at 62 or 125 U/ml in all further experiments. The observed TNF effect on LC viability did not appear to be due to the induction of GM-CSF production during the assay as it was not abolished by the addition of rabbit anti-mouse GM-CSF serum in doses up to 0.5% vol/vol, which blocked 10 ng GM-CSF/ml (Table 1I) . Surprisingly, human TNF-ci was not active at comparable doses, and therefore, this particular TNF activity exhibited a species preference . At higher doses (see Table II ) human TNF partially supported LC viability, but we have not studied whether the induction of GM-CSF was responsible for this effect . LC cultured in GM-CSF, when viewed under an inverted phase-contrast microscope, exhibited many large dendritic and veiled processes as described previously (4). The cell surface processes of LC cultured in murine TNFa were less prominent (not shown) and similar to the ones found on LC isolated from bulk EC cultured overnight (5). LC did not proliferate in culture as demonstrated by [3H]thymidine autoradiography (data not shown) .
Enriched LC When Cultured in TNF-ci Are Weak Stimulators ofResting T Cells in Contrast to LC Cultured in GM-CSF. We have described previously that freshly isolated LC are weak stimulator cells for resting T cells (4-6). In accordance with preceding studies (6, 7), we found that enriched LC when cultured in GM-CSF (plateau effect at 0 .5 ng/ml) for 72 h matured into potent stimulator cells (see Table II ) and exhibited a similar activity as LC that had matured in companion bulk EC cultures . LC cultured for 72 h in 62 or 125 U/ml murine TNFa, however, were 10-30-fold less active at limiting doses (Tables IIIVI). The low stimulatory capacity was reflected by the formation of only few accessory cell/T cell clusters during the assay (Fig . 1) . LC cultured in TNF alpha plus GM-CSF developed stimulatory activity, which indicated that the poor activity of LC cultured in TNF-ci alone was not due to a toxic effect of TNF alpha (Table IV) . The low stimulatory activity was also not due to induction and carryover of a suppressive factor, as the addition ofconditioned media did not alter the potent stimulatory activity of LC enriched from bulk EC cultures (Table IV) or of LC cultured in GM-CSF (not shown). LC cultured in TNF-ci when added to the assays also did not suppress T cell proliferation induced by LC enriched from bulk EC cultures (not shown). We next tested the activity of LC cultured in either GM-CSF or TNF-ci at 24 or 36 h to exclude that LC when cultured in TNFa acquired potent but transient stimulatory activity early on . The respective experiments (Table V and VI) demonstrated that LC cultured in GM-CSF progressively increase their stimulatory activity, whereas those cultured in TNFa remain weak from the beginning. When LC were cultured for 36 h in TNFa, and then GM-CSF was added to the wells, stimulatory activity developed (Table VI) . This demonstrated that TNFa did not irreversibly block LC maturation.
As LC cultured in TNF-ci or GM-CSF differed in stimulatory capacity we were LC were enriched to >90% by FAGS, cultured for 72 h in culture medium supplemented with 2 ng/ml mu rGM-CSF, 62 U/ml mu rTNF-a, as well as GM-CSF + TNF-a . Then their stimulatory function for 3 x 105 C3H T cells was tested (primary allogenic MLR) . Stimulatory activity was compared with LC enriched (60%) from companion 72-h bulk EC cultures by flotation on dense albumin columns . T cells alone took up <400 cpm . Note that LC cultured in TNF, but not LC cultured in GM-CSF with or without TNF are weak stimulators . Note also that the addition of conditioned medium taken from LC cultured for 72 h in TNF (a) is not suppressive . levels of I-A antigens when studied by flow cytometry (Fig. 2) . The fact that enriched LC survive for 24 h even in plain medium (6) enabled us to determine whether the upregulation of class 11 antigens would occur even if no exogenous cytokines were added. After 24 h of culture surface I-A antigens had reached the plateau levels found on LC cultured for 72 h under all the conditions tested, i.e., when fresh LC were cultured in medium alone, in medium supplemented with neutralizing rabbit anti-mouse GM-CSF, GM-CSF, or TNFa. The mechanism for this upregulation of class II antigens, therefore, has yet to be identified . TNF-a mRNA Is Expressed by Freshly Prepared EC To get a clue as to whether our in vitro findings could have any relevance for LC in the epidermal microenvironment we examined whether EC express mRNA specific for TNFa, GM-CSF, and IL-la. Freshly prepared EC in several experiments expressed TNFa mRNA, less or no GM-CSF mRNA, and no detectable IL-1 mRNA (Fig . 3) . Interestingly, when tested after 3 h of culture, i.e., under conditions when LC maturation is known to occur, EC expressed significant levels of GM-CSF, and at 24 h IL-1 mRNA as well (Fig. 3 A) . Freshly prepared EC from LPS-responsive C3H/He and LPS-unresponsive C3H/Hej mice showed comparable expression of TNFci mRNA (data not shown) .
Discussion
When we searched for a cytokine that would keep highly enriched LC alive during 72 h ofculture, but unlike GM-CSF, would not induce their potent stimulatory activity for resting T cells, we were surprised that among the panel ofpurified cytokines tested murine TNFa exhibited such an effect (plateau at 62 U/ml ; Tables IIVI).
It was interesting, that human TNFa was not active at comparable doses (Table II) . This particular TNFa activity, therefore, exhibited a species preference similar to that recently described for the growth factor effect of murine TNFa on thymocytes (30) and a T cell line (31) . After our initial observation, several concerns immediately arose. First, we had to exclude that the survival and low stimulatory activity ofLC were simply due to the induction ofinsufficient amounts ofGM-CSF by TNFa. In agreement with previous studies (6, 7), we found that as little as 0.5 ng/ml of GM-CSF was sufficient for maximal recovery as well as functional maturation of highly enriched LC during 72 h ofculture. The finding that culturing LC in TNFa ethidiumbromide stained 1% agarose/6% formaldehyde gels before transfer), the expression of actin and tubulin is not, and therefore, it appears to be regulated. One lane was used to probe actin and tubulin.
plus rabbit anti-GM-CSF in doses neutralizing as much as 10 ng/ml GM-CSF did not alter LC recovery or function (Tables II and V) as compared with culturing LC in TNF-ci alone indicated that the effect ofTNFa was not due to the induction of GM-CSF. Second, we had to exclude that the low stimulatory capacity of LC cultured in TNFac was caused by a toxic or a suppressive effect. When LC were cultured in TNFa plus GM-CSF, or first in TNFa and then for another 36 hours in GM-CSF, stimulatory function developed (Table VI) . This indicated that the low stimulatory capacity of LC cultured in TNF-a alone was not simply due to a toxic effect ofthis cytokine, and that TNFa did not block the maturation of LC mediated by GM-CSF The addition ofconditioned medium taken from LC cultured in TNFU to the T cell proliferative assays did not alter the potent stimulatory capacity of purified LC cultured in GM-CSF or of LC enriched from 72 h bulk EC cultures (Table IV) . This showed that the low stimulatory capacity of LC cultured in TNFci was not due to the induction of a suppressive factor. The question whether other cytokines are intermediate to the effect of TNFa on LC remains unsolved at present. The finding that none of the many cytokines tested except GM-CSF and TNFa supported LC viability (Table II) indicates that TNF-ci is indeed functioning directly. It does not exclude, however, that a combination of the cytokines we tested or some other mediator is induced and responsible for the observed effect .
We then had to ask whether TNFa could at all play a role for LC homeostasis in vivo. The available data allow neither to firmly support nor to dismiss such a provocative hypothesis . A condition sine qua non would be that EC express TNF-a in situ. We found that freshly prepared EC contain TNF-ci mRNA, but this does not necessarily mean that TNF-ci mRNA is constitutively transcribed and translated in situ . Recent immunohistochemical studies of human epidermis suggest, however, that TNF-ci protein might indeed be present in normal epidermis (32) . Recently it was shown that cultured human keratinocytes can produce and release TNFa, even though the constitutive production was found to be low (33) . This is also true for murine keratinocytes, as in conditioned media of subconfluent keratinocyte monolayers cultured for 24 h TNF activity did not exceed 7 U/ml and often was not unequivocally detectable at all in the standard L929 assay (unpublished results) . This does not a priori exclude that TNFa might reach a concentration in situ at which the effect on LC that we observed in vitro could occur. In our in vitro culture experiments we added TNFoi at 62 U/ml just once at the beginning to LC that had undergone trypsinization and panning. IfTNFa had been added continuously and had acted upon unmodified LC, the concentration needed to keep LC viable might have been lower. One should also take into account that in situ even a low constitutive TNF-a release into the narrow, synapse-like intercellular space should result in substantial local concentrations . Recently, a transmembrane form ofTNFa (34) has been described that seems to be active through cell to cell contact and thus allows a localized action . Therefore, yet another possibility would be that a membranebound form ofTNFa is expressed by keratinocytes and mediates a paracrine effect on LC in the epidermal microenvironment . In future studies it will be necessary to monitor cytokines as well as cytokine receptors in situ under various conditions to substantiate if indeed a network of cytokines acts in concert to regulate the viability and function of LC in vivo as suggested by the in vitro studies outlined here and described previously (6, 7). Summary Freshly isolated murine epidermal Langerhans cells (LC) are weak stimulators of resting T cells but increase their stimulatory capacity 10-30-fold upon 2-3 d of culture together with other epidermal cells . This maturation of LC is mediated by two keratinocyte products. Granulocyte/macrophage colony-stimulating factor (GM-CSF) maintains viability and increases function . IL-1 alone does not keep LC alive, but when combined with GM-CSF further enhances their stimulatory activity.
We have now searched for a cytokine that would keep LC in a viable, but functionally immature state. When LC (enriched to >75%) were cultured in the presence ofGM-CSF (2 ng/ml) or murine (TNFa) (plateau effect at 62 U/rnl), the recovery ofviable LC after 72 h was identical . The LC cultured in murine TNFa, however, were 10-30 times less active in stimulating resting T cells. A series of experiments demonstrated that this phenomenon was not due to the induction of insufficient amounts ofGM-CSF, the induction of a suppressor factor, or a toxic effect ofTNFa. Interestingly, the observed TNF-a activity exhibited a species preference, as human TNFa was not active at comparable doses .
We have observed an unexpected effect ofTNFa on LC in vitro. Though we found that freshly prepared epidermal cells express TNFa mRNA, further studies are needed to establish whether TNFa plays a role in vivo by keeping resident LC in a viable, but functionally immature state.
